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Description 

The present invention relates to an apparatus for 
producing deionized water. 

Heretofore, as. a method for producing deionized 5 
• water, it is common to obtain deionized water by pass- 
y ng water to be treated through a bed packed with an ion 
exchange resin so that impurity ions are removed as 
adsorbed on the ion exchange resin. Here, it is common 
to employ a method of regenerating the ion exchange w 
resin having its ion-exchanging and adsorbing abilities 
lowered, by means of an add or alkali. However, this 
method has problems that a troublesome operation is 
required and that a waste liquid of the acid or alkali.used 
for the regeneration, is discharged. Therefore, a methpd is 
for producing deionized water which requires no such 
regeneration, is desired. 

From such a viewpoint, a self-regenerating type 
electrodialysis deionizing method using a combination 
of an ion exchange resin and an ion exchange: mem- : so 
brane has been recently noted. This metiiod employs 
an electrodialyzer having anion exchange . membranes 
and cation exchange membranes alternately arranged . 
to form demineralizing conpartments and having an ion 
exchanger accommodated in the demineralizing com- 2S 
partments. and is designed to apply a voltage while sup- 
plying water to be treated to tiie demineralizing 
compartments to carry out electrodialysis to produce 
deionized water, while regenerating the ion exchanger 
accommodated in tiie demineralizing compartments, - 30 

With regard to ttiis meUiod. there- haw^beefi "pro- 
posed a metiiod of limiting a widtti and a tiiickness of a 
demineralizing compartment (JP-A-61 -107906), a 
method of using ion^exchange resiri particles haying a 
uniform particle size to l?e pagkecJ in^a^dernih 35 
compartment (JP-A^-207487). a hrietii^ 
anion exchange resin a$ $n ion exch^ be 
packed in a part where water to be treated 
passed (JP-A-4-71624), ^method of ^us^l^^^ niixirt^^ 
an ion exchange resin arid an: ion-:e>cch^^^^ 40 
ion exchanger to be^packed in a deminWalizihg com- 
partment (JP-A-5-277344). and the like; . 

However, a purity- of deionized water Was not stable 
due to such problems that ion exchangers- having the 
same ionic charges were aggregated each ottier, tfiat 45 
ion exchange resin partides; drfibers^vyere da 
a water stream and ttiat^efficient de^^^ 
regeneration could not be corKiucted. 

In order to solve the ^bpve mentioned prpblerr^s, 
there have been proposed a metKpd of introducing ion so 
exchange groups into a non-woven cloth such as poly- 
etfiyiene or polypropylene by graft-formation by radia- 
tion {JP-A-5-64726. JP-A-5-131120). a method of 
forming a sheet-like material after making a composite 
fibrous form of a spot-like structure of an ion exchange ss 
polymer and a reinforcing polymer (JP-A-6-79268), and 
the like. 

According to tiiese methods, an fon exchanger is 


fixed, but these metiiods have various defects tiiat it is 
necessary to use radiation, thafa'step of making com- 
posite fibers is complicated, and tiiat a mechanical 
strengtii is not always satisfactory. 

Thus, an object of ttie present invention is to staWy 
produce deionized water having a high purity at a Ipw 
voltage by a self -regenerating type .dectrddiaJysis 
deionization metfiod using a corhbiriation of an ion 
exchange membrane, and an ion exchanger fixed with- 
oul a conpllcated step of using radiation. • 

That is, the present invention provides an appara-. 
tus for producing deionized water, which has an ion 
exchanger accommodated in demineralizing compart- 
ments of an electrodialyzer having cation exchange 
membranes and aniori exchange mernbranes. alter- 
nately arranged between an anode and a- catiiode. 
wherein the ion exchanger is a composite ion 
exchanger conprising a first porous ion exchanger hay- 
ing a mixture of 60 to 95 wt% of cation exchange resin 
particles and 5 to 40 Wt% of laiiion estchange rea^ 
des bonded to each other and a second porous ion 
exchanger having a mixture of 60 to 95 wt% of ianion 
exchange resin particfes arid '5 to 40 -Vi^ 
exchange resin partides bdrxded to each otfieh 

Hereinafter, in the preisent specification, a first 
porous ion exchanger means an ion ^changer having a 
mixture of 60 to 95 wt% of cation exchange resin parti- 
des and 5 to.40 wt% of anion exchange resin particles 
bonded to each otiier, and a second poroirs ion 
exchanger means an ion exchanger having a, mixture of 
60 to 95 wl% of ahipn ^bhange resin particles^iaDTd 5 to 
40 wf/o of ca^on ^xdiange resin, parjfcles .bori^i^;fo 
each other. . . . - . n. 

In the present inventioh. an ipn exchanger com- 
prises a first porous ion exchanger and a s€K?prid pprpus 
ion exchanger. .By using this ion exchanger, a spe^ 
amount of electric cun'ent can be applied at a jpw ypjt- 
age and deionization pan^^N high JeyelV 

Thus, by using tiie first pprpus ion exchanger a|nd*:the 
second porous ipn .exchanger of the above merrticined 
compositions, moving dist^es of ion components can 
be shortened arxi dissociation of water can be fully car- 
ried out to achieve satisfactory deionization perfonn- 
ances. 

in accordance with a voltage gradient fon compo- 
nents transfer tiirough the same kind of ion exchange 
particles in contact with each otiier and move tiirough a 
demineralizing compartment and permeate through a 
membrane to reach a concentrating compartment. 
Thus, in order to make the movement of ion compo- 
nents easy, it is preferable that tiie same kind of ion 
exchange resin particles are aligned in the direction of 
voltaga Like the first porous ion exchanger and tiie sec- 
ond porous ion exchanger, an ion exchanger, the same 
kind of ion exchange particles of which are continuously 
aligned to some degree in the direction of voltage, is 
preferable since ion conponents can transfer easily 
tiierethrough. 


On the other hand, when dissodation of water 
occurs, protons and hydroxyl ions are generated to fully 
supply cations and anions without providing a bad influ- 
ence on water quality, and this is preferable for improv- 
ing ionization performances. In order to fully cause 
dissociation of water, it is important to make cation 
exchange resin particles in contact with anion exchange 
resin particles. Since the first porous Ion exchanger and 
the second porous ion exchanger have oppositely ion- 
ized ion exchange resin particles made .in contact with 
each other iri the inside to some extent, dissociation of 
water can be fully caused. 

; A composite ion exchanger comprising a first 
porous ion exchanger and a second porous ion 
exchanger has a water permeability of at least 1 kg • cm" 
^•h ^ particularly at least 10 kg*cm*^»h"^ under a 
pressvire of 0.35 kg/ cm*2 If the water permeability is 
lower tiian 1 kg • cm"^ • h:?, an amount of water treated 
is reduced or operationitequires an unfavorably high 
pressure. - 1^ 

The water permeability is determined by preparing 
a^sample of a column-like body (eg. rectangular or 
cylindrical column) having two bottom faces arranged in 
parallel, each other, introducing water under a pressure 
of 0.35 kg» cm-2 ttirough oiie bottom face withoutJeak- 
ing water from the side face, and measuring an amount 
of water flown through the other bottom face. The water 
permeability is expressed by tfie formula WL/A (kg • cm' 
^ • h"^), wherein A (cm^) represents an area of the bot- 
tom face,- L (cm) represents a height of tfia eolumn^ike 
body, i:e; distance between the two bottom faces, and W • 
(kg • h"^) represents a permeation amount of water per 
hour. A and L can be optionally determined; but A is 
preferably in the range of from 1 to 1000 cnf ..^and L ls 
preferably in tiie range of from 1 to TOO Cm. 

Exarriples of patterns of a combination bf a first 
porous Ion exchanger and a second porouis ion 
exchanger include a layered pattern of striped pattern, a 
pattern of one continuosi)6dy and the other polfe^lot- 
ted pattern, a checkenft^ise pattern, and ihe like. Also, a 
binder polymer having -rid ion exchanging property may 
be placied betweerr ion exchanger?. 

In tiie present invention, tfie first porous ion 
exchanger and the second porous ion exchanger can 
be arranged so as to provide an aimed pattern, but pref- 
erably the first porous ion exchanger and tiie second 
porous ion exchanger are combined into one body. 

In tiie present invention, it is pi'eferable to prepare a 
composite ion exchanger in tiie following: nrianner. First, 
a first porous ion exchanger comprising ion exchange 
resin particles and a binder polymer is formed. Sec- 
ondly, a second porous ion exchanger comprising ion 
exchange resin particles and a binder polymer is 
formed. Thereafter, depending on their uses, these ion 
exchangers are cut into appropriate shapes, and are 
combined to provide a desired pattern. 

Furtheir. examples of a metiiod for fixing an ion 
exchanger into ah electrodialyzer includia a method of 


preparing a composite ion exchanger having a first 
porous ion exchanger and a second porous ion 
exchanger formed into one body and then fixing tiie 
..composite ion exchanger into an electrodialyzer, a ' 
5 method of preparing each -of- a first porous ion 
exchanger and a secorxi porous ion exchanger ahd 
tiien forming the two ion exchangers into one body at 
the time of fixing ttiem inta an electrodialyzer. and tiie 
like. Ion exchange resin particles constituting tiie first 

. io porous ion exchanger and tiie second porous ion 
exchanger have an average particle size of preferably in 
tiie range of from 50 to 2000 jim. If the average particle 
size is less than 50 ^m. a vacant pore diameter of a 
porous ion exchanger becorries too small to smooflily 
15 flow water through a demineralizing conpartmenti 
tiiereby reducing an amount of treated water. On tiie 
ottier hand, If. the average particle size exceeds 2000 " 
^m. a surface area of the ion exchanger is. insufficient, 
and tiie efficiency of ion exchange ti-eatm^rrt is lowered. 

20 Thus, it Is more preferable ttiat the Ion exchange resin 
particles have an average particle size of from .300 to 
1000 pm. The ion exchange resin particles are synthe- 
sized so as to have an average particle size in the above 
mentioned range or pulverized so as to provide an aver- . 

25 age particle size in tiieabove mentioned range. 

The ion exchange resiri particles may be in various 
forms of spherical, oval, platerlike. disk-like., or rodrlike 
shapes which can be formed into a porous layer of an 
aggregate; but a spherical shape is particularly prefera- 

30 ble since it provides an excellent water permeability. . 
The ion exchange resin particles? have , an ton 
exchange capacity of preferably from 0.5 to 7.0 meq/g 
dry resin. If the ion exchange capacity is less than 0:5 
meq/g dry resin, adsorption and demineraliiation of 

35 . ions can not be satisfactorily earned out in a demirieral- 
Izing compartment, and a water purity of ■ deionised 
water is lowered. 

On the other hand, if the ion exchange capacity Is 
more tiian 7.0 meq/g dry resin, a strengtir of the ion 

.40 exchange resin particles is urifavorably lowered. More . 
preferably, the ion exchange capacity is in the range of . 
from 1.0 to 5:0 meq/g dry resin, and In such cksB, 
deionized water having a high purity can be obtained 
and performance stability is also excellent. Further, tiie : - 

45 ton exchange resin particles having an ion exchange 
capacity in the above mentioned range are widely used 
for general water treafmenti and are easily cpmmerr : 
dally available at a low price This is a great Industrial ^ 
merit. . 

50 As an ion exchange resiri group of tiie ton exchange 
resin particles, a strong acid type, e.g. a sulfonic acid 
type cation exchange group, and a strong base type. 
e.g. a quaternary ammonium type or pyridinium salt A 
type anion exchange group, are preferable in view of ton . \ 

55 exchange property and chemical stability. 

The first porous ion exchariger or the second 
porous ion exchanger is used preferably by binding/ion 
exchange resin particles with an adhesive polymer. • 
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The adhesive polymer is used preferably in a 
weight amount of from 0,5 to 20 wt%, more preferably 
from 1 to 10 wt%, on the basis of the weight of the 
porous ion exchanger. 

If the weight amount of the adhesive pplymer 5 
; exceeds 20 wt%, the surface of the ion exchange resin 
^^artides is too much coated with the adhesive polymer, 
and consequently there are provided disadvantaiges 
that an adsorptivity of ion components is lowered, that a 
flow amount of a liquid to be treated is reduced due to to 
the reduction of porosity, and that a pressure loss 
becomes large. If the weight of the adhesive polymer is 
less than 0,5 wt%. a strength of the porous body 
becomes small, and consequently it becomes difficult to 
handle the product. /5. 

As the adhesive polymer, a thermoplastic piolymer 
or a solvent-soluble p6lymer is preferable in view of a 
productipn method of the porous ion exchanger. Fur- 
ther, a polymer having an ion exchange group is more 
preferable in oidbr to prevent the lowering of a purity of 20 
deionized water.. 

An ion exchange capacity of the adhesive polymer 
having the ion exchange group is preferably from 0.5 to 
5 meq/g dry resin. If the ion ©(change capadty is less 
than 0.5 meq/g dry resin, the demineralisation of ions 25 
adsorbed by the ion exchange resin is not satisfactorily 
canied out. and the purity x)ftreated water ts liable to be 
unfavorably lowered. An adhesive polymer having an 
ion exchange capacity of from 0.8 to 3 meq/g dry resin 
is particularly preferable since it provides a deionized so 
water having a high purity and an excellent performance 
stability; 

Examples of the thermoplastic polymer include a 
low density polyethylene, a linear low density polyethyl- 
ene, a high density polyethylene having an ultrahigh 35 
molecular weight polypropylene, polyisobutylene. vinyl 
acetate, ethylene-vinyl acetate copolymer, and the like. 
/Mso. examples of the solvent-soluble polymer include 
natural rubber, butyl rubber, polyisoprene, polychloro- 
prene, styrene-butadiene rubber, nitrile rubber, vinyl 4o 
chloridealiphatic acid vinyl ester copolymer, and the 
like. 

Further, examples, of a polymer having an ion 
exchange group include a polymer containing polysty- 
renesulfonic ackJ. polyvinylsulfonic acid. poly(2-acryla^ 45 
mide-2-methylpropanesulfonic add), polyacrylic acid, 
polymethacrylic acid. perfluorosuHbnic acid or its salt 
Further examples include a polymer containing polyvi- 
nyl benzyl trimethylammonium chloride, a polymer con-. . 
taining poly(4-vinylpyridine), poIy(2-vinylpyridine). so 
poIy(dimethylaminoethylacrylate). poly{1-vinylimida- 
zole). poly(2-vinyIpyrazine). poly(4-butenylpyridine), 
poly(N.N-dimethylacrylamide). poly{N.N<«methylami- 
noprqjyiacrylamide). or their quaternary ammonium 
compounds, and a polymer containing polyethylene- 55 
imine, and the like. 

/^mong the above polymers, when using a watersol- 
uble polymer, it is preferable to use an adhesive poly- 


mer solution having a crbsslinking agent added and 
subjected to crosslinking treatmerrtr 

Preferable exanples of a method for preparing a 
porous ion exchanger by using an adhesive polymer in 
accordance with the present invention include a method 
which comprises heat-kneading ion exchange resin par- 
ticles and an adhesive polymer and then heat-forming 
the kneaded material into a sheet-like material by a flat 
plate press or the. like* a method which comprises coat- 
ing ion exchange resin partides with an adhesive pdy- 
mer solution and evaporating the solvent to cure, a 
method v\fhich conprises heat-mixing and forming' an 
adhesive polymer, a pore-forming agent and ion 
exchange resin partides and then extracting the pore-, 
forming agent, and a method which comprises coating 
ion exchange resin partides with an adhesive polymer 
solution having a pore-forming agent dispersed, curing 
ard then extracting the pore-forrning agent 

Among theAabdye illustrated methods, the method 
which comprises heat-kheading ion exchange resin par- 
tides and an adhesive polymer and then heat-forming 
the kneaded material into a sbeetrlikamaterial by aflat 
plate press and.the methodiwhich conriprises heatHrm^ 
ing and.iorming an. adhesive polymer, a pore-forming 
agent: -and: ion exchange resin partides; arxJ then 
extracting: the pore^fbrniing agent are particuiariy. pref- 
erable in view of formability and specific resistance of 
the porousjon exdiangerthus obtained. The heat-form- 
ing temperature of tiie. above adhesive polymer is not 
particularly limited, txjt is preferably from 120 to 180"C 
in view of heatresistahce pf ion exchange resin parti- 
des. 

Further, when an adhesive polymer sdution is 
used, a concentration is not specially liniiled.- but is pref- . 
erably from 5 to 50 wt%. Examples of a solvent used 
include water, and a general organic solvent such as 
alcohol, ketone, ester.^and the like. In the method, which, 
comprises coating ion exchange resin particles witii an 
adhesive pdymer solution and evaporating the solvent 
to cure, the adhesive polymer solution may be coated 
on the ton exchange resin particles placed on a mesh or 
porous body as a support and ti^ien dried, or the Ion 
exchange resin particles may be dipped in the adhesive 
polymer solution, dried and tinen heat-pressed. : 

When using a pore-forming agent, the pore-fixming 
agent is added preferably in an amount of from 5 to 40 
wt% to tfie weight of an adhesive polymesr. The kind of 
the pore-forming agent is not spedally limited as long as 
it can be extracted with a solvent and a polymer powder . 
of polyvinyl alcohol, polyester or the like is preferable. 

The apparatus for producing deionized water of tiie 
present invention, has an ion exchanger accommo- 
dated in demineralizing compartments of an electrodiar. 
lyzer having cation exchange membranes and anion 
exchange membranes alternately arranged between an 
anode and a cathode. 

A preferable embodiment is illustrated below. That 
is. a preferable apparatus contains plural sheets of cat- 


ion exchange membranes and anion exchange mem- 
branes alternately arranged and from 2 to 300 sets of 
demineralizing compartments and concentrating coni- 
partments alternately arranged in series between an 
anode compartment provided with an anode and a cath- 5 
ode compartment provided with a cathode, each of the 
demineralising compartments being compartmentalized 
with an anion exchange membrane on the anode side 
and compartmentalized with a cation exchange, mem- 
brane on the cathode side and. each of the concentrat- 
ing compartments being compartnrientalized with a 
cation exchange membrane on the anode side and 
compartmentalized with an anion exchange membrane 
on the cathode side. Demineralization is canied out by 
applying an ielectric clirrerit, while passing water to be 15 
treated through the demineralizing. compartments and 
passing water through the concentrating compartments 
to exclude concentrated salts. 

It is preferable to apply a few volts of voltage to. each 
unit cell to cause dissociation of water in demineralizing . 20 
compartments. 

An ion exchanger IS preferably accommodated in 
demineralizing conrpartments under a pressure of from 
0.1 to20 kg •cm:^. particularly from 0.5 to 10 kg*cm"2 
If a pressure difference to^the atmospheric pressure is 25 
less than. 0:1 kg rem a short pass is liable to be 
formed in a gap between the ion exchanger and a mem- 
brane, and impurity ions in water ta be treated are 
hardly adsorbed on the ion exchange resin, and a 
deiohised water having a high: purity can not be 30 
obtained. On the other hand, if the pressure difference 
to the atmospheric pressure exceeds. 20 kg -cm^, a 
wall of an eJectrodialyz'er and an ion exchange mem- 
brane are liable to be damaged. 

Examples of a method for accommodating an ion 35 
exchanger in demineralizing compartments under a 
pressurized state include a method which comprises 
packing an ion exchanger in a closed space and swell- 
ing the ion exchanger, a method which comprises pack- 
ing an. ion exchanger in,a closed space and reducing a 40 
volume of the closed space, a method which comprises 
packing an ion exchanger together with other packing 
materials in a closed space and swelling the packed 
materials. 

- More complete examples of the above methods 45 
include a method which comprises packing a dry resin 
and then swelling with water, a method which comprises 
packing an addition type resin and converting the resin 
into a regeneration type to swell, a method which com- 
prises combining the above. .two methods, a. method so 
which comprises packing an ion exchanger in deminer- 
alizing compartments and compressing compartment 
frames to reduce a thickness of the demineralizing com* 
partments. thereby redudng their volumes, a method . 
which comprises packing an ion exchanger and a mate- ss 
rial swellable with water in dry state other than ion 
exchange resin and swelling with water, and the lika. 
In any of the above methods, it is preferable to. 


employ an optimized method since troubles such as 
wrinkles of a membrane, a drift current and the like are 
caused when the pressure becomes ununifbrm. 

EXAMPLES 

Hereinafter, the present invention is further illus- 
trated by Exanple (Example 3) and Comparative Exam- 
ples (Example 1 and Example 2), but shoukJ not be ^ 
limited thereto. 

EXAMPLE 1 

A sulfonic acid type cation exchange resin (Diaion 
SK1 B: tradename manufactured by Mitsubishi Chemi^' . 
cal Corporation) having an average particle size of 620 
\im and an- k3n exchange capacity of 4.2 meq/g dry resin 
and a quaternary ammonium salt type anion exchange 
resin (Diaion SA10A: tradename manufactured by Mit- 
subishi Chemical Corpaation) having an average parti- 
cle size of 540 nm and an lon exchange capacity of 3.7 
meq/g dry resin wdre dried and mixed in a ratio of cation 
exchange resin/anion exchange resin of 50/50 (volume 
ratio in dry state)- to prepare a mixture having an ion 
exchange capacity ratio of 60/40. 

3 wt% of a linear low density polyethylene (Affinity • 
SM-1 300:. tradename manufactured by Dow Chemical 
Company) was mixed with the above prepared mixture, 
and the mixture was kneaded at 120 to ISO^'C. The 
kneaded material thus obtained was heat-fdrmed by a 
flat plate press at 130''C to obtain a sheet-like porous 
ion exchanger having a thickness of 6 mm. 

A cation exchange membrane (Selemion CMT: 
tradename manufactured by Asahi Glass Company 
Ltd.) and an anion exchange membrane (Selemion 
AMP: tradename manufactured by Asahi Glass Com- . 
pany Ltd.) were alternately an-anged between an anode 
and a cathode so as to provide 5 pairs of demineralizing 
compartments compartmentalized with anion exchange 
membranes on the anode side and compartmentalized 
with cation exchange membranes on the cathode stde 
and concentrating compartments compartmentalized 
with cation, exchange membranes on the anode side 
and compartmentalized with anion exchange mem- 
branes on the cathode side alternately arranged. An 
effective area of the above membranes was 1 .6m^. The 
above prepared sheet-like porous ion exchangers were 
fixed in the demineralizing compartments where water 
is supplied to swell the porous ion exchangers to adjust 
a pressure in a^gap to the ion exchange membranes to 
about 2 kg -cm"^. 

In such a state, water permeability of the porous ion 
exchangers was 1 30 kg • cm"^ • h'^ under a pressure of 
0.35 kg * cm'^: Thereafter, deionisation test was carried 
out by supplying water having an electroconductivity of 
7 \iS • cm*^ in an amount of 2.8 m^ • h'^ as a Water to be 
treated, and as a result, a deionizied water having an . 
electric resistance of 15.6 MO -cm was obtained. Unit 
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cell voltage was 7,3 V. 
EXAMPLE 2 

\ The same cation exchange resin and . anion 5 . 

\ exchange resin as used in Exanple 1 were respectively 

dried, and 3 wl% of a linear low density polyethylene 

(Affinity SM-1300: tradename manufactured by Dow 

Chemical Company) was mixed with each of the above 

ion exchange resins, and each mixture was kneaded at io 

120 to 130»C. Thereafter, each of the kneaded cation 

exchange resin and the kneaded anion exchange resin 

I was heat-formed by a flat plate press at 1 30^*0 to obtain 

a sheet-like cation exchanger A having a thickness of 6 

mm and a sheet-iike anion exchanger B having a thick- is 

ness of 6 mm. Thereafter, the cation exchanger A and 

the anion exchanger B were punched, and the punched 

disk-like cation exchanger A having a diameter of 2 cm 

was fixed Into the punched anion exchanger B in such a 

manner ias illustrated in Rgure 1 to prepare a porous ion 20 

exchanger having a dot-like pattern. 

Each sheet of the above prepared porous ion 

exchangers was accomnKxdated in each of the dem- 

ineralizing compartments of the same.electrodialyzer as 

used in Example 1, and water Is supplied- tiiereto to 25^ 

swell tiie porous ion exchanger, thereby adjusting a 

pressure in a gap to an. ion exchange membrane to 

about 2 kg • cm*^. In such a state, water permeability of 

the porous ion exchanger was 130 kg -em'^ • h^^ under 

a pressure of 0.35 kg •cm'^. Thereafter^ water having so 

an electroconductivity of 7 iiS • cm*^ was st^jplied in an * 

amount of 2.8 m^ • h'^ as a water to be treated^a^^^^^ 
electriccun-ent of 40 A • m'^ ^^35 appijo^^^jj^fglQ. ^^d ^s 

this result,' a deionised water having an electric resist^ 
ance of 17,6 Mn *cm was obtained. Unit cell voltage 35 
was 15.3 V, 

EXAMPLES 

The same ion exchange resins as used in Example 40 
1 were dried, and the dry cation exchange resin and the. 
dry anion exchange resin were mixed in a weight ratio of 
8/2 (cation exchange resin/anion exchange resin), and 
a sheet-like.first porous ion exchanger was prepared in 
the same manner as in Exanple 1 . Thereafter, an anion 45 
exchange resin and a cation exchange resin were 
mixed in a weight ratio of 8/2 (anion exchange resin/cat- 
_ ion exchange resin), and a.sheet-like second porous ion 

exchanger was prepared in tiie same manner as in . . 
Exanple 1 . Thereafter, by using the above prepared two so 
porous ion exchangers, a porous ion exchanger having, 
such a dot-like pattern as shown in Rgure 1 was pre- 
pared in the same manner as in Exanple 2. 

Each sheet of the above ion exchangers was 
j accommodated in each demineralising compartment in 55 

} the same electrodialyzer as used in Example 1. and 

; water is supplied to swell tiie above ion exchangers to 

adjust a pressure in a gap to an ion exchange mem- 


brane to about 2 • cm'2. Water permeabijity of the ion 
exchanger was 100 kg • cm'^ • h=^nder a pressure of 

0. 35 kg 'cm'^^. Thereafter, water having an eleclrocon-. 
ductivity of 5 \iS • cm*^ was supplied in an anrount of 2.8 
m^ • h*^ as a water to be treated, and an electric current 
of 40 A • m"2 was applied thereto., and-as this result, a 
deionized water having an electric resistance of 17.3 
Mn • cm was obtained. Unit cell voftage was 1 0.0 V. 

According to the apparatus for pirodudng deionized 
water of tiie present invention, pure water having a high 
purity can be stably produced under a low voltage. 

Claims 

1 . An apparatus for producing deionized water, which 
has an ion exchanger:acCdmnfiodated in demineral- 
izing cortipartment& of an electrodialyzer having 
cation exchange membranes and anion exchange 
membranes ' altemately arranged between an 
anode arxJ a cathode, wherein the ion exchanger Is 
a composite ion exchanger comprising a first, 
porous ion . exchanger having: a mixture of 60 to ^S 
wt% of cation exchange resin particles and 5 to 40 
wt% of anion exchange resin particles lx>nded to 
each otiier: and a second porqus : ion exchanger . 
having a mixture of 60 to 95 wt% of anion exchange 
resin particles and 5 to 40 wt% of cation exchange 
resin particles bonded to each otiier. - 

2. The apparatus: for producing deionized water 
according' to Clairii .1 wherein the^f irst porous ion 
exchanger and the second porous ion: exchanger 
are accommodated in a layered form irr the dem- 
ineralizing conpartments. 

3. The apparatus for; producing deionized water 
according to Claim 1, wherein tiie first porous ion 
exchanger and the second porous ion exchanger 
are arranged in the demineralizing compartments, 
in such a manner as to make one of tiie two ion 
exchangers in a continuous form and tiie otiier of 
ttie two ion exchangers in a discrete spot-like form. 

4. The apparatus for producing deionized water 
according to any one of Claims 1 to 3, wherein the 
conposite iorii exchanger has a water permeability 

of: 1 kg ^ cm*^ f h'^ under a pressure of 0.35 kg ^ em" 

2 ■ ■ .- 

5. The apparatus for producing deionized water • 
according to any one of Claims 1 to 4. wherein the 
first porous ion exchanger or the second porous ion 
exchanger cbnnprises ion exchange resin particles ' 
bonded with a binder polymer. - 

6. The apparatus for producing deionized water 
according to any one of Claims 1 to 5. wherein tiie 
first porous ion exchanger and the second porous 


n EP0870533A1 12 

ion exchanger are bonded to each other. 

7. The apparatus for produdng deionized water 
according to any one of Claims 1 to 6. wherein the 
composite ion exchanger is accommodated in the s 
demineralizing compartments under a pressure of 
0.1 to 20 kg •cm*^. 
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